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ABSTRACT 
One of the first steps in any visual impact assessment is to determine the preliminary area of potential 
effect (APE).  To determine the APE, we must understand the geographic range of potential visibility, 
which typically requires a zone of visual influence (ZVI), or viewshed analysis.  A viewshed analysis is a 
geographic information systems (GIS) analysis that uses topographic data to determine the availability of 
a clear line of sight from a viewer’s position and height, to a specific project’s position and height.   
Generally, this basic calculation is still the foundation for all viewshed analyses completed today.  
However, the data sources and input capacity have changed dramatically, introducing a level of accuracy 
that is unprecedented in the industry.  Traditional viewshed analysis was an accurate indicator of 
locations where a feature would not be visible.  However, identifying areas of actual visibility was more 
speculative.  With the technology available today, viewshed analysis can now tell us where a feature or 
project will be visible with astonishing accuracy. 
Since the 1980’s, technology for viewshed analysis has rapidly evolved to allow both project sponsors 
and regulatory bodies to understand and predict the visibility of planned development projects with 
increasing accuracy and precision.  This presentation will outline the history of viewshed analysis 
methods over the past few decades and expand upon the current frontiers of the technology.  We will 
present a case study focusing on a proposed wind farm located on the outer continental shelf in the 
Atlantic Ocean to explain how recent advances in raw data availability, processing power, and analytical 
techniques have allowed exponential improvements in the quality and utility of viewshed analysis, in 
terms of identifying and evaluating potential visual effects on aesthetic resources within the project 
APE.  We will compare viewsheds produced for the same study area using three different analytical 
techniques, representing three milestones in the evolution of viewshed analysis technology.  These 
include:  
1. analysis based on bare earth topography (Bare Earth Viewshed);
2. analysis based on topography plus mapped forest vegetation areas (Vegetation Viewshed); and
3. analysis using raw lidar derived digital surface models (DSMs), which reflect topography,
vegetation, and structures (DSM Viewshed).
Finally, we discuss how a lidar-based viewshed analysis informs the latter stages of a visual impact 
assessment and allows the consultant to focus efforts on resources that are included in the project APE.   
The case study will include specific examples of how viewshed analysis is a powerful tool in predicting 
where impacts are likely to occur and the degree to which they should be further investigated.  The 
viewshed analysis allows for a more focused application of field review, photography, visual simulations, 
and expert evaluation.  The case study will demonstrate how lidar-based viewshed analysis allowed for a 
massive reduction in the investigation area, which allowed stakeholders, government agencies, and 
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Energy generation and transmission infrastructure are critical to our everyday lives.  Our industries, 
homes, schools, and hospitals all rely on a complex electrical system which is constantly changing, due 
to the need for more power generation, increased grid stability, and the development of new, more 
efficient, and renewable technology.  Generally, these changes are regulated by local, state, and federal 
laws which broadly require private developers to “assess” the environmental impacts of their actions, 
investigate alternative actions, and recommend potential mitigation measures if impacts are 
unavoidable.  This is the framework under which the public and its representatives can investigate and 
assess the impact of the proposed projects to the surrounding natural environment and social 
community.  Visual impacts are one of the most important types of environmental impact associated 
with physical alterations to the environment.  This is particularly true when considering the 
environmental impacts of renewable energy projects, such as wind energy-generating facilities.  Wind 
turbines are tall and dynamic structures that can be seen from considerable distances, and due to their 
reliance on consistent wind, they tend to be sited in prominent locations such as hilltops, plains, or the 
ocean.  Due to the distances at which these projects can be seen, establishing an area of potential effect 
is a critical first step in determining the extent of the area of potential effect (APE).  Typically, a visual 
impact assessment requires a project sponsor to predict both where the proposed project will be visible 
within a visual study area, and the extent to which that predicted visibility could impact sensitive 
viewers and locations. 
 
Over decades, the process for predicting and delineating areas of project visibility (the Zone of Visual 
Influence, or ZVI) has evolved from a manual process using 1:24,000 scale topographic maps and hand-
drawn cross sections to a computer-based process using Geographic Information Systems (GIS) software 
and digital representations of project components, terrain, and land cover.  This computer-based GIS 
analysis has become an industry standard and has largely remained unchanged over the past 20 years.  
However, new sources of complex and detailed data and developments in computer processing 
technology have resulted in exceptional accuracy when predicting project visibility, allowing for 
increased reliance on the established APE.  Specifically, public availability lidar data has introduced 
seemingly boundless opportunities when it comes to determining potential project visibility, and more 
importantly, a detailed picture of the environmental elements that influence visibility.  This research 
presents a case study of a proposed renewable energy project located in the Atlantic Ocean on the outer 
continental shelf to examine how recent advances in data availability, processing power, and analytical 
techniques allow us to focus our time on evaluating the potential visual effects on aesthetic resources 
that are actually included in the project APE, exponentially improving the quality and utility of viewshed 
analysis. 
 
GOALS AND OBJECTIVES 
The objective of this research is to broadly determine the benefits and efficiencies associated with the 
use of lidar data in predicting potential project visibility.  The control in this study will include the results 
of legacy methods used for viewshed analysis, which have been the industry standard for the last 20 
years.  By comparing these legacy viewshed technologies to the current lidar-based viewshed analysis, 
we can determine the difference in APE and gain a better understanding of the influencing factors in 
each technology.  Additionally, the case study presented in this research is associated with a project for 
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which EDR completed a full visual impact assessment.  As such, we have the ability to review field data 
and visual simulations to determine the accuracy of the viewshed analysis.   
 
This offshore wind case study presents a unique opportunity to determine the overall efficiency of the 
latest viewshed technology.  Due to the large visual study areas associated with offshore projects, the 
need for the development of an APE is very important to the analysis of potentially impacted properties, 
people, and landscapes.  Our goal is to identify the ways in which the APE approach benefits 
stakeholders, agency review, and the overall assessment of visual impacts.  We theorize that by 
establishing a reliable APE, the subsequent studies contained in the Visual Impact Assessment (VIA) will 
be more focused, accurate, and defensible which will ultimately result in better characterization of a 
project’s visual impacts.   
 
BACKGROUND AND LITERATURE REVIEW 
Lidar is a portmanteau of “light and radar”, which has been simplified to “lidar”, much the same as 
motel (motor and hotel) and brunch (breakfast and lunch), which have become common terms.  Lidar is 
often portrayed as an acronym of “Light Detection and Ranging”, and this has become an accepted 
alternative term defining the process used to collect the data.  No matter the origin of the term, the 
word “lidar” is officially defined as a noun in the Merriam-Webster Dictionary and does not require any 
combination capital letters such as LiDAR or LIDAR.  Put simply, lidar is a method by which distance to a 
surface is determined by sending pulses of laser light that reflect from the surface and are received back 
at the source.  A simple calculation is done to determine the distance to the surface.  By finely 
calibrating the rate and wavelength of the pulses, the returned pulse of light also predict the rate of 
absorption of the reflective surface.  After global positioning systems (GPS) became widely used and 
considerably more accurate in the 1980’s, the technologies of lidar and GPS were combined to make 
aerial surveying from aircraft possible (Lidar-UK, 2019).   
 
Today, lidar technology can achieve very high-resolution digital elevation models (DEM) with a high 
degree of confidence (Liu, 2007).  In the United States, Federal Emergency Management Agency (FEMA), 
U.S. Geological Survey (USGS), and Natural Resources Conservation Service (NRCS) are the main sources 
of federally funded lidar missions.  These missions are mainly focused on ecological community 
assessment, forest density measurements, soil surveying, coastal flood risk assessment (sea-level rise), 
and conservation planning (NRCS, 2019).  Many of the federally funded lidar collection missions are 
required to adhere to standards regarding data collection techniques, accuracy reporting, and 
interpolation algorithms to ensure consistent datasets.  The 3D Elevation Program [(3DEP) formally, 
National Digital Elevation Program] is a multi-agency federal partnership chaired by the USGS which 
oversees the collection of lidar data to reduce redundancy, enforce standards, and provide data sharing 
platforms (USGS, 2019).  
 
EDR has been utilizing lidar data in viewshed analysis for over 10 years and has refined the 
methodology, field-verified the results, and completed exhaustive desktop analyses to verify the 
accuracy of the resulting viewshed analyses.  Because each project area can have slightly different levels 
of lidar coverage, processing techniques, causing variable resultant accuracy, a simple set of rules for 
each viewshed cannot be broadly applied to data processing.  For example, sites with high point 
coverage (75%-100%) will likely include a myriad of fine detail, including local electrical distribution 
lines, antennas, cellular towers, et cetera.  These features, when processed into a DSM, will influence 
the surface by projecting down to ground level becoming a screening feature.  For example, an 
overhead transmission line could be depicted as a solid wall in the resulting DSM.  In such cases, the 
model and/or raw data must be processed to eliminate these features to prevent an overestimation of 
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screening.  In short, this requires the GIS analyst to develop a model with a high degree of confidence, 
often times through trial and error.  This also requires a keen eye for patterns that may emerge which 
do not “fit” the expected result.  As lidar becomes more detailed and easily classified, these issues will 




In this case study, the lidar-based viewshed analysis (DSM Viewshed) was conducted to determine the 
possible extent of Project visibility within the visual study area utilizing USGS, Federal Emergency 
Management Agency (FEMA), and Natural Resources Conservation Service (NRCS) lidar data collected 
between 2008 and 2014 for several Mid-Atlantic states.  Using the lidar data, a highly detailed DSM of 
the study area was created at a horizontal resolution of 3 meters.  The DSM includes the elevations of 
buildings, trees, and other objects large enough to be resolved by lidar technology.  Additionally, a 
digital terrain model (DTM) was created, representing bare earth conditions.  The DTM was created at 
the same resolution as the DSM to allow direct comparison of ground elevation with the elevation of 
surface features (including the ground, buildings, and vegetation) in the DSM.  The DSM was then used 
as a base layer for the viewshed analysis.  The analysis of potential project visibility was based on points 
representing proposed project information at an assumed maximum project height and an assumed 
viewer height.  The viewshed analyses were conducted using ESRI ArcGIS® software with the Spatial 
Analyst extension and take curvature of the earth into consideration for the analysis.  
 
Once the viewshed analyses were completed, a conditional statement was used to set project visibility 
to zero in locations where the DSM elevation exceeded the bare earth (DTM) elevation by 6 feet or 
more.  This was done because these generally represent locations within or on top of buildings or areas 
where vegetation cover exceeds 6 feet in height, from which ground-level observers are screened from 
views of the project. 
 
For standard methodology control viewsheds, base data was created using a single 10-meter resolution 
DEM stitched together from tiles available from the National Elevation Dataset (NED).  This was used as 
the basis of the topography only viewshed analysis (Bare Earth Viewshed).  To supplement this standard 
topographic viewshed analysis, a second viewshed was also prepared to illustrate the potential 
screening provided by forest vegetation (Vegetation Viewshed).  A base vegetation layer was created 
using the 2016 USGS National Land Cover Database (NLCD) to identify the mapped locations of 
forestland (including the Deciduous Forest, Evergreen Forest and Mixed Forest NLCD classifications) 
within the visual study area.  Based on standard visual assessment practice, the mapped locations of the 
forestland were assigned an assumed height of 40 feet resampled to a matching 10-meter resolution, 






Figure 1.  Delaware beach front town represented in a 
10-meter resolution DEM from the NED 
Note: The even shading across the image illustrates a 
lack of surface features. 
 
Figure 2.  Delaware beach front town represented in a 
10-meter resolution DEM from the NED with forested 
areas identified in the 2016 NLCD (12 meters 
vegetation height) 
Note: The lighter shapes on the image illustrate forest 




Figure 3.  Delaware Beach Front Town represented in a 
3-meter resolution lidar-based digital surface model. 
Note the precise representation of buildings and vegetation 
(shown as lighter colors) 





Using the methodology detailed above, three separate viewshed analyses were run for the same area 
using different inputs to predict areas of visibility of the offshore wind project (i.e., the case study).  The 
results of these three analyses are outlined in Table 1 and discussed further below with graphics of the 
three methodologies’ varying results. 
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Table 1.  Turbine Blade Tip Land Area Viewshed Results Comparison by Methodology 
 
Distance from Project 
Site 
Land Area with Potential Visibility  














0 to 10 Miles 1 0 0 (0.0%) 0 (0.0%) 0 (0.0%) 
10 to 20 Miles 68.2 24.4 (35.8%) 22.7 (33.4) 29.6 (43.6%) 
20 to 30 Miles 404.1 35.5 (8.8%) 78.0 (19.3%) 185.5 (45.9%) 
30 to 40 Miles 663.1 23.0 (3.5%) 27.5 (4.1%) 102.1 (15.4%) 
Total 40 Mile 
Landward Study Area2 
1,135.4 82.9 (7.3%) 128.2 (11.3%) 317.2 (27.9%) 
1There is no significant land area within 10 miles of the Project. 
 
DSM Viewshed Analysis 
Within the visual study area, the DSM Viewshed indicates that approximately 7.3% of the land within 
the visual study area could have views of some portion of the Project (Table 1).  In large portions of the 
study area, built structures and vegetation screen views of the Project site, particularly in coastal areas 
where there is concentrated commercial and residential development. that screens an offshore project 
from view in areas further inland.  While agriculture, which  typically provides opportunities for open 
views, is one of the dominant land uses within the inland portion of the study area (covering 
approximately 31 percent) , structures and vegetation, combined with the general lack of topographic 
relief and the distance of the project from this view, limit the visibility of the project.  Project visibility is 
largely restricted to the ocean shoreline and water bodies immediately inland of the shoreline (e.g., salt 
ponds and bays).  Inland water bodies are typically only separated from the ocean by a narrow barrier 
spit, which provides limited screening of ocean views.  Areas of visibility generally extend approximately 
300 to 700 feet inland from the shoreline before breaking up into narrow corridors of visibility extending 
down roadways perpendicular to the shore and then dissipating completely.  In a few areas where views 
are available across inland water bodies, areas of potential visibility may extend up to 10 miles inland 
from the shore.  
 
Viewshed results in dense areas of development along the shore offer the best chance to see the 
advantages of using a lidar-based DSM.  The results of the DSM Viewshed in three example areas are 
presented below to illustrate the characteristics of the results in these types of areas. 
 
Figure 6 demonstrates the DSM Viewshed results in Area 1.  These results indicate that buildings and 
vegetation along the first block of the waterfront generally screen visibility of the project.  The major 
exception occurs along street corridors, which are oriented toward the project, allowing visibility 
between buildings and vegetation.  Unlike shoreline views, these views do not typically include the 




Figure 6.  DSM Viewshed Result in Example Area 1 
 
 
Figure 7 demonstrates the DSM Viewshed results in Area 2, which has a greater number of streets 
perfectly oriented toward the project.  This allows for spires of visibility to extend well inland.  It should 
be noted that these results can be further refined to determine the number of turbines that influence 




Figure 7.  DSM Viewshed Result in Example Area 2 
 
Figure 8 demonstrates the DSM Viewshed results in Area 3.  In this example the blue dots represent 
historic properties, which were a subject of concern in the visual assessment.  As the DSM Viewshed 
results demonstrate, large groupings of historic resources such as this can be more efficiently analyzed 




Figure 8.  DSM Viewshed Result in Example Area 3 
 
Bare Earth and Vegetation Viewshed Analyses 
Compared to a DSM Viewshed results, the Bare Earth Viewshed predicts substantially larger areas of 
visibility because of the exclusion of screening features such as buildings and vegetation.  As shown in 
Table 1, nearly 28% of the land area within 40 miles of the project is predicted to have visibility.  The 
disadvantages of using only topography are most readily apparent in developed shoreline areas.  The 
results of the viewshed using this methodology are presented in the same three example areas below to 
illustrate this methodology’s deficiencies in comparison to the DSM Viewshed.  In general, higher 
visibility is predicted within urban settings where tall buildings would likely eliminate inland visibility. 
 
  




Figures 9 and 10 (Area 1) demonstrate the minimal influence of vegetation on visibility.  This coastal 
region does have heavily vegetated dunes separating the coastal upland from the shoreline, but these 
localized areas of vegetation are unlikely to be included in the NLCD dataset. 
 
  
Figure 11.  Bare Earth Viewshed Result in Example Area 2 Figure 12.  Vegetation Viewshed Result in Example 
Area 2 
The viewshed results of the urban area depicted in Area 2 (Figures 11 and 12) illustrates extensive inland 
visibility of the Project.  The Bare Earth Viewshed and Vegetation Viewsheds in this area yield nearly 
identical results due to the lack of screening vegetation. 
 
  




The viewshed results within Area 3 illustrate the screening effects of solely topography (Figure 13) and 
topography with vegetation (Figure 14).  The distinct lack of vegetation in this urban area suggests that 
visibility will occur far inland. 
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DISCUSSION AND CONCLUSION  
The viewshed analysis results illustrate the benefits of lidar-derived DSMs, particularly in urban areas 
where vegetation is a secondary screening factor.  Additionally, small bands of screening vegetation that 
do occur in urban settings (particularly dune vegetation) are not included in the 30-meter resolution 
NLCD data due to the fact that they are too small to resolve.   
 
 
   
Figure 15.  Example Area 1 Demonstrating Results of the Bare Earth, Vegetation, and DSM Viewsheds 
 
Figure 15 shows all three analyses; Bare Earth Viewshed, Vegetation Viewshed and DSM Viewshed (left 
to right).  The DSM Viewshed reveals discrete areas of visibility that are not illustrated in either the Bare 
Earth or Vegetation Viewsheds.  This unexpected result is likely due to the dynamic coastal landscape 
and substantial topographic shifts that have occurred in recent years along this portion of the coast.  
Several hurricanes and winter storms have completely wiped out dunes, increasing potential inland 
visibility.   
 
   




   
Figure 17.  Example Area 3 Demonstrating Results of the Bare Earth, Vegetation, and DSM Viewsheds 
 
Example Areas 2 and 3 (Figures 16 and 17) illustrate an area that is almost completely included in the 
APE under the traditional viewshed analyses, but that is drastically reduced in the lidar-based analysis.  
The majority of historic resources occur in urban areas.  With this in mind, the DSM Viewshed is likely to 
reduce the field effort to survey historic resources by tens, if not hundreds of hours due to the 
considerable reduction in the size of the APE.  
 
Field review and visual simulations were used to verify the accuracy of the viewshed analysis and to 
illustrate the appearance of the project.  During the field review, over 200 coastal and inland locations 
were visited to document the existing environment and survey potential locations or key observation 
points (KOPs) to be identified for the production of visual simulations.  Field review revealed that, in 
most instances, if project turbines were visible, some portion of the ocean was also visible from these 
locations.  Additionally, in the majority of screened locations, the screening features were obvious and 
prominent., including expected features such as buildings and forest vegetation, but also some 
unexpected features such as dune vegetation and the dunes themselves. 
 
During the visual simulation process three inland locations were identified as having partial project 
visibility as a result of intervening buildings, dune vegetation, or forest vegetation.  These locations were 
reviewed in detail to determine if the viewshed analysis results agreed with the simulations.  In all three 
cases, the viewshed count analysis revealed the exact number of visible turbines depicted in the survey-
accurate visual simulations.  Also, of interest was the fact that visibility occurred in discrete areas, 
sometimes less than an acre in size (or a few hundred feet of a public road).  As such, the viewshed 
analysis provided a method by which the worst-case view (view of the highest number of turbines) could 
be identified on the initial or subsequent field visits. 
 
In the past, viewshed analysis results were considered a just a preliminary step in determining project 
visibility. Too much reliance on the viewshed analysis could result in an over or under-estimation of 
project visibility.  While these legacy methods were used to guide fieldwork, identify potential visibility 
from sensitive resources, and determine the percentage of visible areas, methods used to verify 
visibility, or lack thereof, often required extensive resources and time.  Lidar viewsheds, on the other 
hand, have proven to be a much more accurate predictor of project visibility.  The results are so precise; 
field crews can literally navigate to a single spot of inland visibility and find views toward the project and 
the ocean.   
 
One shortcoming of the standard DSM Viewshed analysis is the inability to identify views from 
observation points in or on tall structures.  New techniques are allowing for the inclusion of this 
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information.  However, elevated viewpoints with project visibility in urban areas are also fairly easy to 
identify through reverse viewshed techniques (Senaratne, et. al., 2013).   
 
As with the traditional legacy viewshed methods, DSM Viewshed analysis will evolve in the coming 
years.  We expect to see refinement in the data collection methods, accuracy, classification, and 
resolution.  Additionally, software is constantly being updated to include new analyses associated with 
lidar point cloud classification.  Lidar-specific software packages are continually emerging to make 
processing manageable and efficient.  In some areas lidar can even be used to generate photorealistic 
3D images of study areas.  This type of product could allow for virtual photo-renderings, which would be 
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